Conclusion: Achalasia should be diagnosed as early as possible, so that complications can be prevented. In addition, guidelines should be established for cancer prevention in achalasia patients. Currently ongoing studies of the molecular causes of achalasia will probably help us understand its pathophysiology. ►Cite this as : Gockel I, Müller M, Schumacher J: Achalasia-a disease of unknown cause that is often diagnosed too late. Dtsch Arztebl Int 2012; 109 (12) : 209-14. DOI: 10.3238/arztebl.2012.0209 P rimary, or idiopathic, achalasia mainly affects the lower esophageal sphincter (LES). Physiologically, the LES is contracted and prevents reflux of stomach acid into the esophagus. The LES relaxes and opens only on swallowing, so that food can enter the stomach. This is a muscle reflex that is coordinated with the peristalsis of the muscles of the esophagus.
In achalasia, relaxation of the LES gradually becomes more and more restricted. Due to persistent contraction, the contents of the esophagus cannot be transported into the stomach. They enter the stomach only when the hydrostatic pressure on the accumulated food exceeds the contraction pressure of the LES. In the final stage of achalasia, LES contraction can be so severe that very little food enters the stomach.
The persistent contraction of the LES is caused by degeneration of the neurons of the myenteric plexus (1) , which controls the motility of the digestive tract. Achalasia is therefore considered to be a neurodegenerative disease. Degeneration mainly affects neurons that have an inhibitory effect on LES muscles and enable it to relax. However, loss of inhibitory innervation also affects the muscles of the adjacent distal esophagus, leading in turn to a derangement of esophageal peristalsis (1) .
Although there have been various indications of the causes of neurodegeneration since achalasia was first described in 1674 by the English doctor Sir Thomas Willis, the etiology of achalasia remains poorly understood (2) .
Epidemiologically, achalasia is a rare disease, with an incidence of 1:100 000 per year and a lifetime prevalence of 1:10 000 (3). However, achalasia is less well known by practicing physicians than other rare diseases of the gastrointestinal tract, because in early stages its clinical symptoms are mostly nonspecific. As a result, achalasia is not diagnosed until an average of five years after initial complaints begin (4, 5) . This leads to an unnecessary loss of quality of life and to complications, such as megaesophagus and esophageal carcinoma.
This article therefore aims to increase awareness of achalasia. It describes the clinical features, diagnosis, and current conclusions of research on the etiology of the disease. It also provides a critical evaluation of the various treatment options.
Methods
The Medline database was used for a selective search of the literature. Various combinations of relevant keywords were used.
Clinical picture, stages of achalasia
The main symptom of achalasia is dysphagia, which develops slowly over several weeks to years and increases as the disease progresses (6) . As a rule, dysphagia manifests initially with solid food and later also with liquid food (7) . As the disease progresses, the increasing contraction of the LES on swallowing leads to regurgitation of food that has not entered the stomach and to retrosternal pain, particularly when there is extreme dilatation of the esophagus. Restricted transportation of food and avoidance of food lead to weight loss. This can occur swiftly (8) but typically takes place over a longer period lasting several months or years and rarely leads to a loss of more than 10% of bodyweight (9) . Complications may be caused by food that remains in the esophagus and is not transported any further. Food entering the trachea causes bronchopulmonary infections and even aspiration pneumonia in 7% to 8% of patients (10) . These are typically caused by nighttime regurgitations while lying down (6) . Meanwhile, up to 50% of patients suffer from restricted pulmonary function resulting from chronic microaspirations (11) . Chronic retention of food also leads to esophagitis as a result of mechanical and chemical irritation of the mucosa, with a risk of metaplasia and squamous-cell carcinoma (12) (13) (14) . This affects approximately 4% to 6% of all achalasia patients, leading to a risk of esophageal carcinoma approximately 30 times higher than in the general population (13, 15, 16) . There is also an increased frequency of adenocarcinoma (14) , although its pathophysiological relationship to achalasia is less well understood. However, to date there are no guidelines on cancer screening.
Different forms of achalasia
When achalasia is not a consequence of any other disease, it is called primary or idiopathic achalasia. Primary achalasia can occur either alone or together with other abnormalities. In the latter case, it is referred to as syndromic achalasia. Isolated forms represent the overwhelming majority of all cases of primary achalasia. The typical age of onset is between 25 and 60 years, although any age group can be affected (7) . Achalasia in children and young adults is mostly isolated; however, syndromic achalasia typically occurs in this age group.
The most common achalasia syndrome is triple-A syndrome. This is an autosomal recessive disease characterized by the trio of achalasia, alacrimia, and Addison's disease. In children, neurological and dermatological disorders are also observed, in addition to facial dysmorphias (17, 18) . The gene responsible, AAAS, is located on chromosome 12q13 (19) . Achalasia is also more frequent in patients with trisomy 21, or Down syndrome. Approximately 75% of all children with trisomy 21 present gastrointestinal disorders (20) and around 2% develop achalasia. This means that achalasia is approximately 200 times more frequent in patients with Down syndrome than in the overall population (21) . This higher frequency may be caused by a gene dosage effect, for example, but it is unclear which or how many genes on chromosome 21 are involved. Achalasia is also seen in patients with other rare genetic diseases-such as familial visceral neuropathy and achalasia microcephaly syndrome (2)-but its molecular genetic cause is not yet clear.
Achalasia symptoms also occur in diseases that do not affect the myenteric plexus. These cases of secondary achalasia are usually caused by a narrowing at the gastroesophageal junction. They are frequently also described as "pseudoachalasia," because they can often be clinically distinguished from primary achalasia. The most common cause of pseudoachalasia is esophageal and cardiac carcinoma (22, 23) . This is distinguished by more acute dysphagia, faster weight loss, and other differences.
Diagnosis and differential diagnosis
In cases of suspected achalasia, the diagnostic procedure is aimed mostly at the main symptom, dysphagia, and is shown in Figure 1 . As a rule, endoscopy is the first step in diagnosing the cause of dysphagia. It can also be used to rule out secondary achalasia, e.g. inflammation, stenosis, or tumors, and to obtain tissue biopsies. However, if there are grounds in the patient's medical history for suspecting a stricture, e.g. caused by radiation or chemical burns, a barium swallow and X-ray of the esophagus are recommended first, as endoscopy poses a higher risk of perforation. In such cases, endoscopy is performed only to rule out secondary achalasia. Once secondary achalasia has been ruled out endoscopically, an esophageal manometry and/or barium swallow and X-ray of the esophagus are performed
Esophagogastroscopy (if possible, in combination with endoscopic ultrasonography), together with barium swallow and manometry, is part of standard diagnostics for suspected achalasia. However, diagnosis can only be established endoscopically in approximately a third of all achalasia patients, and this depends on the stage the disease has reached (8) . In these cases, resistance is typically encountered at the gastroesophageal junction but can still be overcome relatively easily by the endoscope. In advanced stages of achalasia, the esophagus is dilated and contains food (6) . Endoscopic examination is particularly important in ruling out other possible causes of a patient's complaints. These include esophageal and stomach tumors, strictures (caused by scar tissue or inflammation), and narrowing caused by aberrant blood vessel position (dysphagia lusoria), for example.
Depending on the stage of the disease, the esophagus appears dilated in a barium swallow, shows a loss of peristalsis in the distal portion, and shows a tapered, thread-like area of contrast substance absorption in the cardiac region, called a "bird's beak" because of its shape (Figure 2) . Although a barium swallow reveals abnormalities in almost every patient, they are often nonspecific, so achalasia is successfully diagnosed in only approximately two-thirds of cases (8) . Although there are no studies that have directly compared the diagnostic predictive power of a barium swallow with that of esophageal manometry, the latter is the gold standard in achalasia diagnosis. It can successfully diagnose significantly over 90% of all cases (8) . Depending on the stage of achalasia, patients present a derangement of esophageal peristalsis and incomplete relaxation of the LES on swallowing (Figure 3) . Typically there is increased resting tone of the LES with simultaneous and therefore inefficient contractions of the tubular esophagus.
Etiology and pathophysiology
Esophageal peristalsis with relaxation of the LES is controlled by the enteric nervous system (ENS). This is a complex network of nerves that surrounds the entire gastrointestinal tract and can be modulated by the CNS via the vagus nerve. The neurons of the ENS that control motility and peristalsis are located in the myenteric plexus, which lies between the circular and longitudinal layers of the smooth muscles. Two types of neurons can be distinguished: inhibitory neurons use mainly nitrous oxide (NO) and vasoactive intestinal peptide (VIP) as neurotransmitters and lead to muscle relaxation. Excitatory neurons, meanwhile, use acetylcholine (Ach) as a neurotransmitter and enable muscles to contract.
Histopathological and functional investigation indicates that achalasia is mainly caused by the degeneration of NO-and VIP-releasing inhibitory neurons (1, 24) . This seems to affect the neurons of the myenteric plexus that innervate the LES and the distal esophagus selectively. Although this provides the first insight into the pathophysiology, the underlying causes of this "selective" neurodegeneration are poorly understood. It is thought that autoimmune processes in persons with genetic susceptibility are significant (2) . Large clinical institutions and human genetics centers have therefore merged so that the underlying risk genes can be identified in the largest possible achalasia populations. This, for example, was the aim of the founding of the Achalasia Risk Consortium, arc (www.achalasie-konsortium. de [in German]), which includes Belgian and Italian institutions in addition to German institutions.
Treatment and prognosis
The aim of treatment is always to improve achalasia symptoms and esophageal clearance, and to prevent megaesophagus. Both endoscopic procedures (pneumatic balloon dilatation, Botox injection into the LES, stenting, peroral endoscopic myotomy [POEM]) and surgery (Heller laparoscopic myotomy) can be used for these purposes.
The endoscopic treatment that can best be assessed is pneumatic balloon dilatation. Complications include perforation (0% to 10%) and hemorrhaging (0.4%); balloon size, diverticulum, and torquing of the esophagus are risk factors for these (25) . The long-term success rate (no complaints for more than 5 years) of a single pneumatic balloon dilatation is reported as 40% to 85% and patients under the age of 40 years have less favorable outcomes than patients over 40 years of age (e1, e2). Other unfavorable predictive factors for treatment success are high resting tone of the LES following the intervention, a need for multiple dilatations, and male sex (e3). However, it must be taken into account that all the reported studies were retrospective. In a prospective study by Eckardt et al. (e1), only 59% of patients were free of complaints following a single pneumatic balloon dilatation after one year, and only 26% after five years. According to other studies, multiple pneumatic balloon dilatations with increasing balloon diameter (graded dilatation) is more effective than single pneumatic balloon dilatation. In a prospective study by Vela et al. (e4), improvement in symptoms (dysphagia less than three times per week) following graded pneumatic balloon dilatation was observed in 90%, 82%, and 44% of cases after six months, two years, and six years respectively. In contrast, single pneumatic balloon dilatation yielded success rates of only 62%, 50%, and 28% after the same lengths of time (e4).
In contrast to endoscopic approaches, laparoscopic cardiomyotomy has a success rate of 90%, according to a meta-analysis by Campos et al. (e5) that included more than 100 publications. As cardiomyotomy also has a low complication rate (e5), it is often viewed as first-line therapy. A recent prospective, multicenter study comparing pneumatic balloon dilatation to Heller myotomy showed no significant differences between the two procedures (e6). Nevertheless, the results in favor of pneumatic balloon dilatation seem to be distorted, as some patients who underwent dilatation were excluded from the study due to esophageal perforations. In addition, the follow-up time of one or two years was relatively short.
A further endoscopic option to expand the LES is Botox injection, which inhibits the release of acetylcholine in the myenteric plexus. Although many prospective studies report swift improvement in symptoms in 65% to 90% of patients (e7, e8), complaints recurred after 3 to 12 months. Because its effect is so shortlived, Botox treatment is recommended only for patients with high comorbidity (e9). One promising new endoscopic procedure is peroral endoscopic myotomy (POEM), for which the short-term results available to date of a prospective study have shown improvement in symptoms (no complaints after three months) and a significant reduction in resting tone of the LES (e10). However, this is a new treatment, which means that as yet there are no prospective studies comparing it with other treatment methods. To date there are few data available on implantation of a metal stent, another endoscopic treatment option. Results that show this procedure to be superior to pneumatic balloon dilatation, however, could often not be confirmed by other The results presented here indicate that various factors should be taken into account when choosing a treatment option. The hospitals in which the authors practice and many other institutions therefore favor the following treatment guideline: For younger patients with a low surgical risk (e.g. less than 40 to 45 years), primary laparoscopic myotomy is recommended. Pneumatic balloon dilatation is recommended for patients who refuse surgery or whose surgical risk is high. However, patients are made aware that in approximately 50% of cases repeat dilatation will be needed in the next five years. Patients who show no improvement in symptoms even after dilatation should undergo surgical myotomy.
There are no guidelines or prospective studies for cancer screening in achalasia patients, even though their risk of esophageal carcinoma is approximately 30 times higher than that of the general population (13, 15, 16) . Patients receiving treatment at the institutions at which the authors practice currently undergo repeat endoscopy every two years. Patients diagnosed with achalasia more than 10 years ago undergo endoscopy as frequently as every year.
Conclusion and outlook
Primary achalasia is a neurodegenerative disease involv ing the neurons of the myenteric plexus. It leads to loss of LES function, with corresponding clinical consequences. Many physicians are inadequately familiar with its clinical picture. It is characterized by dysphagia, regurgitation, chest pain, and weight loss. Diagnosis often takes years, despite the presence of symptoms. Prognosis in these cases is usually worse. Complications such as megaesophagus or esophageal carcinoma occur more frequently. There are no binding guidelines on cancer screening even when achalasia has been diagnosed. Many patients therefore receive inadequate care.
Pathophysiologically, autoimmune factors seem to trigger achalasia in patients with genetic susceptibility. In addition, genetic risk factors that are not involved in autoimmune processes also seem to play a role. This is also indicated by syndromic forms of achalasia. For example, in triple-A syndrome the AAAS gene encodes for a protein that is involved in signal transduction and RNA processing and is less involved in immune processes (2) . However, the highly accurate methods currently available for the analysis of diseases with a genetic component provide hope that the first risk genes for isolated and frequent forms of primary achalasia will be identified in the next few years.
• Typical symptoms of achalasia are dysphagia, regurgitation, chest pain, and weight loss.
• Although retention esophagitis, which is a complication of achalasia and leads to dysplasia of the esophageal mucosa, should be considered precancerous, there are no guidelines on cancer screening.
• The endoscopic procedure pneumatic balloon dilatation offers good long-term results, as does Heller laparoscopic myotomy, a surgical procedure. The long-term success of new endoscopic procedures such as peroral endoscopic myotomy (POEM) and esophageal stenting, meanwhile, has yet to be verified.
• Achalasia seems to be caused by autoimmune processes in persons with genetic susceptibility. 
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